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A recent publication in Nature by Conrad et al. (2008) reports the generation of pluripotent stem cells from
isolated human adult testicular germ cells. This work identifies a new source of stem cells for potential autol-
ogous therapeutic applications in men.
Inmice and humans, adultmale germcells
include a population of spermatogonial
stem cells (SSCs) that develops after birth
and serves as a reservoir to ensure the
continuation of spermatogenesis through-
out adulthood. SSCs originate from em-
bryonic primordial germ cells (PGCs),
a cell population that, during develop-
ment, has the capacity to becomepluripo-
tent under various conditions, but which is
unipotent upon commitment to the germ
cell lineage within the testis (Seydoux
and Braun, 2006). SSC unipotency was
thought to be irreversible until three mu-
rine studies revealed that neonatal and
adult SSCs can acquire pluripotency in
culture (Guan et al., 2006; Kanatsu-Shino-
hara et al., 2004; Seandel et al., 2007).
Conrad and colleagues have now ad-
vanced these findings by culturing human
adult SSCs to pluripotency (Conrad et al.,
2008). Theauthors obtainedhuman testic-
ular biopsy or orchiectomy samples from
22 patients whose ages ranged from 17
to 81 years. After dissociating the tissues
and creating single-cell suspensions,
they selected for cells expressing CD49f
(a6 integrin), a mouse SSC marker, which
could also bind laminin. These CD49f+,
laminin-bound human testicular cells ex-
pressed both OCT4 and SOX2 at the
timeof selection andwithin 2weeksof cul-
ture on gelatin-coated plates formed colo-
nies that resembled human embryonic
stem cells (hESCs). These human adult
germline stem cells (haGSCs) formed ter-
atomas when injected into nude mice
and generated derivatives of all three
germ layers in vitro.
Conrad et al. (2008) showed that individ-
ual haGSC colonies expressed ESC
markers (NANOG, E-cadherin, OCT4,
CD133, and SSEA4) as well as germ cell
markers (VASA, DAZL, and CD49f) as-
sessed by immunocytochemistry. These
markers were also measured in haGSC
populations by fluorescence-activated
cell sorting and western blot analysis. Ex-
amination of DNA methylation levels on
thepromoter regionsofOCT4andNANOG
showed that reprogramming in haGSCs
induced an epigenetic state more closely
resembling hESCs than SSCs (Conrad
et al., 2008). Upon subcutaneous injection
into immunodeficient mice, haGSCs pro-
duced tumors containing neuronal cells,
cartilage, muscle, glandular structures,
stratified epithelium, and endodermal
cells. When induced to differentiate
in vitro, haGSCs formed cells of the neuro-
nal,myogenic, osteogenic, andpancreatic
lineages. Strikingly, the haGSCs gener-
ated a relatively high number of cells ex-
pressing insulin, glucagon, and c-peptide.
Remarkably, only 500 isolated SSCs
were needed to establish pluripotent
haGSC colonies for each cell line in this
current study. The yieldsofSSCsobtained
from patient samples, however, were age
dependent; fewer cells were recovered
from older men and individuals with azoo-
spermia, though mitotic indices were
similar for all cell lines.No exogenous tran-
scription factor genes were required for
SSC reprogramming. Successful genera-
tion of haGSCs from SSCs, however,
was dependent on the addition of leuke-
mia inhibitory factor (LIF) to the culture
medium. This result is surprising, given
that hESCs, unlike mouse ESCs, are not
dependent on LIF for their self-renewal
(Dahe´ron et al., 2004). The LIF receptor is
present and responsive in hESCs, but the
LIF signaling pathway is not sufficient for
hESC maintenance. When Conrad et al.
(2008) isolated SSCs and grew them in
the absence of LIF but in the presence of
glial cell line-derived neurotrophic factor
(GDNF), the cells initially formed colonies,
but these clones did not persist. GDNF
promotes the self-renewal and mainte-
nance of SSCs (Oatley and Brinster,
2008), but its effect on pluripotent stem
cells is less well characterized. Perhaps
LIF andGDNF play opposing roles in influ-
encing the fateof culturedmalegermcells.
Enhanced LIF signaling, transmitted via
gp130 and LIF receptors, and the resulting
phosphorylation of STAT3 could push the
cells toward a pluripotent state. GDNF
signaling, meanwhile, could promote the
retention of germ cell unipotency in re-
sponse to the activation of c-Ret, GDNF
Family Receptor a1, and their respective
downstream target genes. Consistent
with this possibility, Kanatsu-Shinohara
et al. (2004) andSeandel et al. (2007)main-
tained their mouse SSC colonies in the
presence of both LIF and GDNF and saw
the appearance of ESC-like colonies only
after 4–12 weeks in culture. On the other
hand, Guan et al. (2006) used media con-
taining only LIF and generated pluripotent
stem cells in approximately 2 weeks.
By generating pluripotent stem cells
from unipotent human adult spermatogo-
nia, Conrad et al. (2008) have opened a vi-
able new route for potential therapeutic
applications. Though much work remains
before haGSCs can be viewed as a source
of histocompatible cells available for auto-
transplantation, comparison with hESCs
and human induced pluripotent stem cells
(iPSCs) should help to characterize their
patterns of gene expression, epigenetic
imprinting, differentiation capability, and
genetic stability. An attractive feature
haGSCs have over current human iPSCs
is the absence of viral vectors (integrating
or nonintegrating) required tocarry combi-
nations of pluripotency genes for reprog-
ramming adult stem or differentiated cells
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2008). The type of cell chosen for reprog-
ramming appears to determine how
many exogenous factors, if any, are
needed. Two recent studies have shown
that adult mouse neural stem cells ex-
press high levels of endogenous Sox2
and c-Myc and can give rise to iPSCs
with the addition of just two exogenous
factors: Oct4 and Klf4 (discussed in
Tada, 2008). The CD49f+, laminin-bound
germ cells isolated by Conrad et al.
(2008) expressed endogenous OCT4 and
SOX2, and culture conditions alone re-
programmed the cells into pluripotent
haGSC colonies. It is important to note
that in both mice and humans, SSCs are
the only known adult cell type that express
OCT4. Thus, SSCs appear to have a mo-
lecular signature that is similar enough to
ESCs to allow for their successful reprog-
ramming to a pluripotent state without the
need for exogenous factors; endogenous
OCT4 might be the key to this success.
The work of Conrad et al. (2008) lays the
foundation for vigorous research intoeluci-
dating the basic properties of human plu-
ripotent stem cells derived from adult
malegermcells. Itwill be important to iden-Cortex Shatters th
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Recreating developmental structu
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embryonic stem cells can recapitula
subtypes.
Pyramidal cells are the principal excit-
atory neurons within the cortex, compris-
ing approximately 80% of all neurons
within this structure. They are derived
from radial glial progenitors within the
pallium and are generated in a temporally
controlled manner. Within the cortex,
progenitors first generate Cajal-Retzius
cells, which reside in the most superficial
472 Cell Stem Cell 3, November 6, 2008 ª2tify the range of functional cell types that
can be generated from haGSC differentia-
tion in vitro. For example, given the com-
paratively high numbers of cells express-
ing pancreatic lineage markers produced
after haGSC differentiation in culture,
these testis-derived pluripotent stem cells
might be a useful resource for diabetes re-
search studies. Only after further experi-
mentation will the potential usefulness of
haGSCs be fully revealed. An important
caveat to this work, however, is that any
autologous therapies utilizing haGSCs
would be applicable only tomen. The gen-
eration of a comparable female haGSC is
unlikely, given that most studies support
theviewthatwomenarebornwitha lifetime
supply of oocytes and that there are no
germline stem cells in females. For now,
this study demonstrates that human male
germline commitment can be altered
in vitro and that unipotent cells can be-
come pluripotent without the addition of
exogenous transcription factors.
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